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Background
Cancer is the second leading cause of death globally according to the World Health Organization.1
The Canadian Cancer Society found in 2017 that nearly half of Canadians will develop cancer, and
1 in 4 will die from cancer.2 Despite breakthroughs in cancer detection and treatment, a definitive
cure has yet to be developed. When cells break off from a primary tumor to form other tumors
within the body, the process of metastasis, this often signals a worsening prognosis to health care
providers.3
Madden et al. (2010) found that two intracellular proteins, β2-adrenergic receptor (β2-AR) and
β-arrestin, can be indirectly linked to cancer metastasis.4 The focus of this experiment shifts to
looking at the interaction between these two proteins. Their interaction will be studied based on
their proximity to each other after exposure to hormones.
Fluorescence microscopy has been traditionally used to study cell samples in a biological set-
tings, because it allows biologists to differentiate between structures within a cell. Unfortunately,
the fluorescent microscope is unable to resolve distances below a certain threshold, and a new
technique, STORM, must be employed to create super-resolution images. The topic of this presen-
tation is on the work I have done in the Microscopy Laboratory to advance us closer to our end
goal: studying protein-protein interactions in cancer cells. My time has been spent in aligning the
optics required for STORM imaging and updating protocols related to cell growth and labelling
with fluorescent tags.
Methods
The goal is of the Microscopy Laboratory is to label each protein with different colored fluorescent
dyes to distinguish them from each other. We then study how they interact based on their proximity
to each other. A major issue in using fluorescence microscopy to study cell samples is that it is
a diffraction-limited method, so it is not possible to resolve distances below the resolution limit.
Proteins range in size from 5nm–10 nm, which is about 150–200× smaller than microscopes are able
to resolve.5 Proteins that are too close together (as in a densely packed cell) cannot be distinguished.
There is a way to “circumvent” the resolution limit, in a manner of speaking. The 2014 Nobel
Prize in Chemistry was awarded for the application of special fluorescent dyes that allow for a
novel imaging method known as stochastic optical reconstruction microscopy (STORM). Imaging
samples are placed in a chemical buffer that turns the fluorescent probes “on and off” stochastically,
an effect called “photoswitching.” An image is taken with some probes on and others off. In the
next moment, and at random, some of the probes turn off and others turn on. A series of images
is taken, each with varying fluorescent probes that are on or off. Image analysis software is used to
plot the intensity profile of each fluorophore, and a single point is placed at the maximum of the
intensity profile on a reconstructed image to represent the fluorescent probe. Figure 1 provides a
illustration of this process.
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Figure 1: Panel (b) shows a conventional image taken using fluorescence microscopy. Panel (a)
shows the random switching of the individual fluorophores. Note that each image has different
fluorescent probes that are active, reducing the density of the image. Computer software analyzes
each image and plots a single point at the maximum intensity of the fluorophore and then combines
every image taken in the series to create the reconstructed image (Panel (c)).
2
Alexander Bredikin Whalen Symposium Abstract Monday 5th March, 2018
(a) This is a frame from the kinetic se-
ries of the dextran-dye test sample taken
in the Microscopy Laboratory. Figure 2b
shows another frame of the series. Differ-
ences in these images (highlighted in the
circles) demonstrate the photoswitching of
the sample.
(b) This is a second frame of the dextran
sample at a later time in the kinetic se-
ries. Note that this image is distinct from
Figure 2a; different fluorophores are illumi-
nated here. One difference that can be seen
is a dark spot (in the blue circle), which is
not seen in Figure 2a.
Figure 2: Two Frames of a Kinetic Series of a Photoswitching Dextran-Dye Sample
Results
A preliminary sample of dextran-dye conjugate has been successfully reproduced and imaged ac-
cording to the protocols developed by Metcalf et al. (2013).6 Figures 2a and 2b show two different
frames from a kinetic series, with differences highlighted in colored circles. These differences dis-
tinctly show the effect of photoswitching. A video of the photoswitching samples can be found at
https://www.dropbox.com/s/48xcprn7pvharh6/170719_High-Density-Dextran_STORM_VIDEO.
mov?dl=0.
The β2-AR protein has been labelled in cancer cell samples using fluorescent dye and are shown
in Figures 3a and 3b.
Discussion
A comparison between our sample and the representative sample in Metcalf et al. reveals that the
optical setup of the microscopy system is properly calibrated for STORM imaging. The imag-
ing of the dextran-dye conjugate with photoswitching represents an exciting step forward for the
Microscopy Laboratory. The capability to capture protein-protein interaction becomes closer to
reality now that we are confident in our optical setup. One protein in the cancer cell samples has
also been labelled successfully, and this positions us well as we move closer to staining both proteins
to produce dual-color STORM images. The next move for the Microscopy Laboratory is to work
with a standardized sample of actin filament to capture a series of images that can be processed to
produce a STORM image.
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(a) This image shows a group of MB-231
cells. The image was taken using transmit-
ted light. The cells are shown here are also
shown in Figure 3b using fluorescence mi-
croscopy.
(b) This image shows MB-231 cells stained
using direct immunofluorescence. This
method is used in this experiment to stain
the β2-AR protein. This image was taken
using fluorescence microscopy. The same
group of cells is shown in Figure 3a.
Figure 3: Cancer Cell Samples Labelled Using Fluorescent Dye
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